WORLD INTELLECTUAL PROPERTY ORGANIZATION 
bitemational Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) IntematkHial Patent Classification ^ : 
AOIG 1/04, C12M im, A23L 1/28 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 9dA5659 

30 May 1996 (30.05.96) 



(21) International Application Number: PCT/US95/14866 

(22) International Filing Date: 15 November 1995 (15.1 1.95) 



(30) Priority Data: 
344»243 



23 November 1994 (23.1 1 .94) US 



(71) Applicant: HPS BIOTECHNOLOGIES, INC. [USAJS]; 16055 

Caputo Drive. Morgan Hill, CA 95047 (US). 

(72) Inventors: HOLTZ, Richard, B.; 3808 Serenity Hills Drive. 

Vacaville. CA 95688 (US). McCULLOCH. Michael. J.; 
296 Loch Lomond Drive, Vacaville. CA 95687 (US). 

(74) Agents: HALLUIN, Albeit, P. et al.; Pennie & Edmonds, 1 155 
Avenue of the Americas, New Yorlc, NY 10036 (US). 



(81) Designated States: AL, AM, AU, BB, BG, BR, BY. CA. CN. 
CZ. EE, n, GE. HU, IS, JP. KG, ICP, KR, KZ, LK. LR. LS. 
LT, LV, MD. MG. MK. MN, MX, NO. NZ, PL. RO. RU. 
SG, SI, SK, TJ, TM, TT, UA, UZ. VN, European patent 
(AT. BE, CH, DE, DK. ES, FR, GB, GR, IE, IT. LU. MC. 
NL, PT, SE). OAPI patent (BP, BJ, CP. CO, CI. CM. GA, 
GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE, LS, 
MW, SD, SZ. UG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: PROCESS FOR PRODUCTION OF MUSHROOM INOCULUM 





,1 



(57) Abstract 

A process far production <rf mushroom inoculum based on a femnentation process for submerged growth of mushroom mycelia. This 
invention relates to a submerged tamentation process for producing high bionuos levels of mushrooms mycelia in liquid niedia suitable for 
semi-continuous or continuous mushroom spawn production. The process provides a sterile, log phase inoculimi for a solid substrate that, 
when based on biomass, exceeds normal inoculation levels by several thousand fold mycelia substtate production. The liquid moculum 
so produced can be asq)tically transferred to bulk sterilizer to inoculate a sterilizer grain or sawdust substrate for commercial mushroom 
production. The liquid inoculum nuiy also be inoculated directly onto die mushroom compost. This invention furtiier relates to microcapsules 
used to enhance the fermentation process and the equipment used to conduct such process. 
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PROCESS FO R PRODUCTION OF MUSHROOM INOCULUM 
TECHNICAL FIELD OF THE INVENTION 

5 The present Invention relates to a submerged fermentation 
process for producing high biomass levels of mushroom 
mycelia in liquid media and liquid media useful in such 
process and suitable for semi-continuous or continuous 
mushroom spawn production. The subject invention also 
10 relates to a sterile, log-phase mushroom inoculum and a 
fermentor useful for producing mushroom mycelia in a 
submerged culture. 

BACKGROiniD OF THE INVENTION 

15 

Processes for medcing inoculum cultures used to produce 
edible mushrooms on a suitably prepared substrate are 
well knovn. Processes suitable for the efficient large- 
scale production of mycelia inoculum, however, are 
20 notably absent from the art. 

Early production methods involved the use of a solid 
culture medium such as tobacco, grain and manure which 
have been shown to support the growth of vegetative 

25 mycelia. These methods rec[uire an undesireably extended 
period of time (i.e., 30 to 60 days) for the mycelium to 
attain a suitable developmental stage, and are labor- 
intensive, requiring several manual transfers of aseptic 
materials as production is scaled up. The manual 

30 transfers have traditionally used very low ratios of 

inoculvim to new substrate to maximize yield of product. 
In addition, efforts to produce commercial amounts of 
mycelia inoculum using a solid culture medium process 
occasionally resulted in adverse selection pressure of a 

35 particular mushroom strain. 
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A sxilmerged fermentetion process using liquid media 
reduces the time required to produce mushroom mycelia 
inoculum. Some techniqpies involving the use of liquid 
(** submerged") culture techniques are taught in the prior 
5 art. For example, U.S. Pat. No. 3,286,399 discloses the 
production of mushroom spawn after sowing with mycelivun 
or spores in a submerged culture that consists of carbohydrate- 

and nitrogen-containing nutrients. U.S. Pat No. 
5,077,201 discloses the production of blue indigo pigment 
10 from a strain of morel mushroom by siibmerged fermentation 
in a nutrient mediiim containing a carbon and a nitrogen 
substrate. U.S. Pat. No. 4,977,902 discloses the 
production of Pleurotus sp. and Volvaria sp. in a liquid 
media adapted for plastic packaging. 

15 

These submerged culture techniques, however, are not 
suitable for producing large eunounts of mycelia suitable 
for commercial mushroom production. Submerged culture 
basidiomycete mycelia by conventional fermentation 

20 techniques forms very large, clumped colonies that are 

dense balls of mycelia. This cultural problem limits the 
amount of biomass that can be produced and forms the same 
selection pressures on the biomass that cold be expected 
in solid state culture. Large colony formation limits 

25 the points of inoculation that could be obtained from the 
fermentation broth. Accordingly, a submerged 
fermentation process that can use liquid media for the 
generation of larger eunounts of mycelia suitable for 
commercial mushroom production is needed. 

30 

The suitability of submerged culture techniqn^es to 
produce liquid mushroom mycelia inoculum for commercial 
use also depends on the efficiency of submerged mycelial 
growth. Growth efficiency depends largely on the content 
35 of medium nutrients and the growth conditions of the 

fermentation process. For example, Agarxcus sp. does not 
grow well on starch and corn gluten in the absence of 
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sufficient amounts of soluble protein and other 
nutrients, such as those suggested by U.S. Pat. No. 
3,286,399. European Pat. No. 284,421 discloses the 
cultivation of filamentous fungi by inoculation onto a 
5 substrate comprising a variety of nutrients ranging from 
carbohydrates, nitrogens, lipids, nucleotides, sterols, 
vitamins and inorganic compounds to plant and bacterial 
extracts. This medium is sufficient to "^sustain** the 
growth of the fungi, but does not ** enhance** the growth of 
10 mycelia. U.S. Pat. No. 4,512,103 describes mushroom 
growth on undefined liquid nutrients produced by 
thermophilic digestion of biodegradable organic 
materials • 



15 Prior art references provide only limited descriptions of 
processes in which mushroom growth is enhanced by the 
selection of a specified nutrient media. U.S. Pat. No. 
4,370,159 discloses a 30% increase in growth and yield of 
edible mushroom by use of a nutrient particle comprising 

20 a matrix of denatured protein containing droplets of fat 
and active protein. This medium is useful for "mature 
mycelia** in commercial compost which is near the cropping 
stage. It is not suitable for non*-mature mycelia and 
spores. U.S. Pat. No. 4,420,319 discloses nutritional 

25 enhancement additives comprising an agglomerate of 

activator and slow-release nutrient particles. Although 
this material reduces the time recpiired for mushroom 
spawn to reach fruition and further retards premature 
aging of the cells, it appears to be suitable primarily 

30 for mushroom spawn which has already been inoculated onto 
seed grain. U.S. Pat. No. 4,818,268 discloses an 
osmoprotectant for enhancing mushroom growth which 
comprises carrier particles having water-soluble phospho- 
glyceride material attached. This osmoprotectant is used 

35 for enhancing and prolonging mushroom growth and for 
extending cropping by protecting the later flushes 
against the effects of increased osmotic stress. 
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None of these prior art references, however, are directed 
to a medlim for enhancing the growth of nycelia suitable 
for Inoculation at a conmercial amshroom production 
level. Identification of a liqpaid medium capable of 
5 enhancing the growth of mushroom mycelia to a 
commercially acceptable level is needed. 

In addition to the identification of nutrients for use in 
liquid media to enhance the growth of mycelial inoculum, 

10 a commercially feasible process must be capable also of 
continuous or semi-continuous preparation of inoculated 
substrate in an automated, aseptic system. To achieve 
this commercial goal, a medivim is needed that is capable 
of producing large quantities of log-phase inocula at a 

15 uniform growth stage. At present, only low yields of 

Agraricus mycelia from submerged culture growth have been 
achieved. Accordingly, a liquid medium suitable for the 
production of large eunounts of log-phase mycelial 
inoculum at a uniform growth stage is needed. 

20 

The prior art further is silent with respect to a 
continuous or semi-continuous method for inoculating 
sterile substrates useful in the commercial production of 
mushrooms. Commercially feasible mushroom spawn must be 

25 capable of producing a cost-effective, aseptic 

fermentation of submerged culture mycelia that can be 
coupled with a continuous or semi -continuous inoculation 
of sterile substrates. These substrates must be 
compatible with current methods of inoculation at 

30 commercial mushroom farms which include the use of grains 
such as rye or millet as a sxibstrate. These grains are 
convenient to admix into the compost. Additionally, the 
process should provide for the direct inoculation of the 
compost with the licjuid culture through conventional 

35 spawning equipment fitted with suitable liquid discharge 
equipment • 
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SUMMARY OF THE INVENTION 

The present Invention relates to a submerged fermentation 
process capable of producing high biomass levels of 
5 mycelia in a liquid medium suitable for semi-continuous 
or continuous mushroom spawn production. The process 
comprises inoculating a liquid fermentation medium with 
inoculum and fermenting the inoculated media at a 
suitable temperature and under a gas containing an 

10 appropriate concentration of CO,. The liquid media is 
designed to enhance the stable and continuous growth of 
the inoculum. Constant agitation during fermentation is 
provided by an impeller or by airlift in the fermentor. 
The inoculated medium is further sheared mechanically 

X5 according to a fermentation-stirring schedule. The 
growth of mycelia, the pH and the CO, concentration of 
the fermentation mixture are monitored by suitable 
methods and the mycelia are harvested when their growth 
reaches an appropriate concentration. 

20 

The high levels of biomass of the mycelia may be used for 
the inoculation of a solid substrate suitable for 
commercial mushroom growing. The mycelia so produced, 
when based on biomass, exceed inoculation levels 

25 typically used by those persons skilled in the art by 
several thousand-fold in various mushroom mycelia, 
including Agarlcus^ Lontinus (Shiitake) , Morchella 
(Morel) , Pleurotus (oyster mushroom) , Flammulina 
velutlpes and VolvariBlla volvetcea substrate production. 

30 This higher inoculation ratio provides more biomass and 
more points of inoculum. The growth of the mycelia is 
very uniform and is completed in about 10 days as 
compared to the typical 21 or more days of growth 
required in traditional spawn production systems. This 

35 represents a significant time savings to the grower with 
consequential cost savings. 
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The present Invention also relates to the use of 
microcapsules in liquid media to enhance the growth of 
mushroom mycelia. These microcapsules comprise a lipid 
s\ibstrate which comprises between about 50% and 80% of 
5 the dry weight of the microcapsule, a surfactant which 
comprises between about 1% and 5% by weight of the lipid 
substrate, a dairy or vegetable protein which comprises 
between about 20% and 50% of the dry weight of the 
microcapsule and a Group II metal salt which comprises 
10 between about 0.1% and 0.5% of the dry weight of the 
microcapsule • 

The present invention is further directed to a f ermentor 
useful in producing high biomass levels of mycelia in a 
15 licpiid medium suitable for continuous or semi -continuous 
mushroom spawn production. 

BRIEF DESCRIPTION OF THE FIGURES 

20 The invention will be better understood by reference to 
the attached drawings of which; 

Figure l depicts an aseptic substrate preparation system 
according to the invention with the semi*continuous 
blender/ sterilizer system; 
25 Figure 2 depicts an aseptic substrate preparation system 
according to the invention with the continuous auger type 
sterilizer system; 

Figure 3 depicts the steps used to prepare the liquid 
medium of the invention; 
30 Figure 4 depicts the harvest point for culture 

maintenance for both Agaricus and shiitake strains; and 
Figure 5 depicts the rate of mycelia growth as expressed 
by fluorescence units for shiitake. 

Figure 6 depicts the diagram of the airlift 100-liter 
35 production f ermentor. 

Figure 7 depicts the direct inoculation of compost with 
liquid mycelia. 

- 6 - 



wo 96/15659 



PC:T/US9S/14866 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a fermentation process 
for producing high biomass levels of mushroom mycelia in 
5 liquid media, a liqpiid mediiim for producing such mycelia 
and a fermentor useful for producing mushroom mycelia in 
a submerged culture. 

The fermentation process of the present invention 
10 comprises growing mushroom mycelia in a liquid 
fermentation medixim (nutrient broth) , where the 
fermentation temperature is between about 20 and 30«C, 
the air flow is between about 0.1 and 0.3 volume 
air /volume vessel per minute, the pH is between about 6.5 
15 and 7.6 and the carbon dioxide is maintained at between 
about 2500 to 5000 ppm. The contents of the fermentation 
(fermentation broth) should be constantly agitated at a 
tip speed of between about 5 and 10 inches per second. 

20 In addition, the fermentation broth should be 

periodically subjected to shearing forces, for example, 
by agitating the fermentation at a speed of between about 
25 and 100 inches per second of blade tip speed for 
periods of between about 1 and 3 minutes. In order to 

25 achieve maximum growth, it is preferred to shear the 

colonies every other day, thus keeping colony size small 
and uniform, thereby producing more points of inoculation 
in the final substrate. 

30 The present invention also provides a convenient method 
for culture maintenance. Unlike traditional spawn 
processes, the liquid system of the invention provides 
much more stability in the maintenance of cultures. 
Typical grain spawn systems require that the inoculum be 

35 scaled-up in several steps in successively larger grain 
jars. However, there are a number of environmental and 
metabolic variables that can impose subtle selection 
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pressure on the spaim such as teinperat:ure, CO, and 
nutrient composition. Being a heterokaryon, it is likely 
that this pressure can result in quality assurance 
problems and eventually the change of the phenotype due 
5 to the selection of a specific genetic strain. The 

nutrient composition provided by the present invention is 
particularly suitable for use in a f ermentor system which 
is capable of providing a controlled, homogeneous 
environment that does not impose selection pressure on 
10 the mycelia. 

The instant fermentation process provides the further 
benefit of producing compounds responsible for specific 
mushroom flavors. For example, preparing mushroom 

15 mycelial inoculum according to the above-described 
submerged fermentation process yields compounds 
responsible for the flavor of mushrooms. For example, 
use of the process to prepare Agaricnis, Lent inns 
(Shiitake) or MorchBlla. sp. (Morel) inocultm yields oct- 

20 l-ene-3-ol and oct-l-ene-3-one. Similarly, lentinan and 
other polysulf ides are made by producing I«entinus 
(ShiiteJce) and 1-octanone is produced during the process 
for making A^aricus and Morchella mycelial inoculum. 

25 The liquid medium of the invention comprises 

microcapsules which consist essentially of lipid 
substrate and an appropriate amount of lecithin or its 
equivalent. Suitable lipid substrate used in the present 
liquid medivun comprises a polyunsaturated vegetable oil, 

30 including but not limited to, safflower, soybean, canola, 
corn and cottonseed. Micro-encapsulation allows the 
delivery of higher amounts of lipid sxibstrate to 
submerged culture growth while maintaining uniformity of 
the nutrient in suspension. 

35 

These microcapsules comprise a lipid substrate which 
comprises between about 50 and 80% of the dry weight of 
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the microcapsule, a surfactant which comprises between 
about 1% and 5% by weight of the lipid substrate, a dairy 
or vegetable protein which comprises between about 20% 
and 50%, most preferably 26% of the dry weight of the 
5 microcapsule and a Group II metal salt which comprises 
between about 0.1% and 0»5%, most preferably 0.2%, of the 
dry weight of the microcapsule. 

The microcapsules are preferably formed by homogenizing 
10 in an aqueous solution wherein the microcapsules comprise 
between about 0.5% and 1.5% by dry weight of the combined 
microcapsule-nutrient media. 

The svirfactant is preferably either a phospholipid or a 
15 galactollpld, most preferably choline phosphatides, 
ethanolamine phosphatides, mixtures of choline and 
ethamolsunine phosphatides, and choline and ethanolamine 
phosphatides containing hydroxy lated fatty acids. Micro- 
encapsulation of the lipid substrate and surfactant is 
20 achieved by homogenizing the lipid substrate and 

surfactant in an aqueous solution containing a soluble 
dairy or vegetable protein such as whey protein 
concentrate, caseinates or soy protein concentrates, a 
Group II metal salt and an organic acid salt. Rldgtek li- 
as 20® Whey protein concentrate (e.g., Rldgtek H-20®) , 
calciim chloride and sodlTim acetate are the preferred 
protein source. Group 'II metal salt and organic acid 
salt , respectively . 

30 Nutrient media for submerged cultures of Agaricus 
microcapsules are prepared by blending soya bean, 
cottonseed, or safflower oil with 3% lecithin (Centrolene 
A® lecithin. Central Soya) and adding it to 1 g of whey 
protein concentrate, such as Rldgtek H-20, 100 ml water 

35 with 1 g of calcium chloride and 0.7 g of sodium acetate. 
These materials should account for about 0.22% of the dry 
weight of ingredients of the total medium. These 
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ingredients are then homogenized in a high-shear, high- 
speed mixer (Polytron type) to form microcapsules and 
sterilized in an autoclave. 250 grams of potato infusion 
is prepared by boiling 250 g potatoes in 0.9 liter of 
5 water for 15 minutes and filtering through cheesecloth. 
20 g of autolyzed yeast extract and 10 g of dextrose (or 
35 g of 40 DE corn syrup or 15 g honey) is added to the 
infusion. This material is then sterilized and combined 
with the sterile microcapsules. The total volume for the 
10 above formulation is approximately 1 liter. 

The microcapsule-containing media of the present 
invention has been found to significantly enhance 
mycelial growth (dry weight) in a shake flask culture. 
15 For example, potato-dextrose-yeast (PDY) extract-based 
broth typically supports between about 0.75 and 1.2 g/1 
of mycelial growth (dry weight) in a shake flask culture. 
By contrast, the same PDY media where the microcapsules 
of the present invention have been added supports yields 
20 in excess of 7.6 g/1 of mycelial growth (dry weight) in 
shedce flask. 

The present invention also relates to fermentors for the 
production of mycelia in a sxibmerged culture. Nycelia 
inoculum may be prepared in a production fermentor. The 
inoculation of a 100-liter production fermentor is 
accomplished directly from a 1.5 liter culture 
maintenance fermentor (for exeunple, an autoclavable 
Wheaton 1.5 liter Mini jar® fermentor). The same 
fermentation protocol is maintained with the 1.5 liter 
fermentor as with the production stirred tank vessel. 
The Minijar fermentor is equipped with a specially built 
marine turbine having a diameter of 1.5 inches. The 
turbine has a square edge on the outer diameter. The 
rotor speed is maintained at about 100 rpm which is the 
lowest controllable limit for this system. This is 
equivalent to a rotor tip speed of about 7.85 in/sec. 

- 10 - 
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A prefezxed eabodlment of a f ermentor used 'to produce 
mycelia in a submerged culture is an **airlift:*' t:ype 
fermentor. The ''airlift** fermentor was designed and 
constructed 'to provide a cost«*eff ective, autoclavable 
5 bioreactor for mycelial growth. A typical airlift 
fermentor is depleted in Figure 6. This design is 
scaleable to 100 liters which is the largest vessel that 
will fit conveniently in standard autoclaves. An 
autoclavable vessel is much less costly to build than a 

10 sterilizable-in-place (SIP) fermentor. Since there is 
very little metabolic heat of fermentation, a large heat 
exchange surface is not necessary. The fermentor vessel 
can be placed in a temperature-controlled room or in an 
incubator for temperature control during fermentation. 

15 Aeration and airlift is provided by an air delivery 
manifold in the incubator having sufficient size to 
contain multiple vessels or in the temperature-*controlled 
room. 

20 The airlift fermentor typically contains an air inlet 

connected to an air sparger. The air sparger contains a 
mixing valve which allows carbon dioxide and nitrogen gas 
to be mixed with compressed air to create a relatively 
high carbon dioxide atmosphere within the fermentor. The 

25 fermentor is preferably run at about 0.2 volume of inlet 
gas/volvime of vessel /minute. The carbon dioxide is 
generally adjusted to between about 2500 and 5000 ppm, 
depending upon the strain of fungus being grown. 

30 The fermentor also has an external loop of latex tubing 
connecting a port on the bottom of the vessel to a Tri- 
Clover® port on the side of the vessel. The latex tubing 
can be threiaided through a peristaltic p\uap without 
detachment from the sterile vessel. The peristaltic pump 

35 can pump the suspended mycelia in a loop that contains a 
specialized shear valve consisting of an adjustable 
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iaplnger plat:e in front of a stainless nozzle inside the 
vessel • 

As It Is preferred to shear the colonies of nycella for 
5 maximum growth every other day In order to keep the 

colony size small and uniform, thus producing more points 
of Inoculation In the final substrate, a fermentor must 
also provide a mechanism for such shearing. This device 
provides a portable. Inexpensive way to accomplish the 
10 shear process without having a driven shaft and turbine 
in place. A driven shaft and turbine device on this 
vessel would add greatly to the cost, complexity, and 
risk of contamination. 

15 Sterile grain substrate is prepared by a semi-continuous 
blend/ sterilizer system or by a continuous, auger-type 
sterilizer. Once the culture has reached log-phase 
growth, the blomass is transferred to the sterile 
substrate produced by the continuous or semi-continuous 

20 grain sterilizer system. 

The following exeunples are given to demonstrate the use 
of the process according to the present Invention for 
large-scale mushroom production. They are only intended 
25 for illustrative purposes and are not meant to limit the 
invention described herein. 

BXAHPLE 1 - Use of Liquid Inoculum in Continuous 
ZBooulatlon System Design for Commercial Spawn Production 

30 

Fermentation 

A commercial system has been designed using the 
engineering data generated at the laboratory bench and at 
the pilot plant production scale. A schematic of the 
35 process is shown in Figure i. On the commercial scale, a 
"pre-blender" (1) blends solid substrate materials with 
water. Rye grain or millet and chalk are blended in the 
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case of i^aricus spawn and hardwood sawdust and nutrients 
are blended In the case of ShllteUce. The substrate Is 
Introduced into sterilizer screw (2) via rotary "star" 
valve (3) to maintain a high pressure environment In the 
5 sterilizer. The sterilizer screw (2) (See Table 2 for 
detailed procedures for sterilization) Is a thermal 
screw-type reactor. Including a hollow auger type screw 
that can be heated by steam. Residence time In the 
sterilizer Is adjustable. A period of approximately 15 

10 minutes is commonly used. The residence time can be 

closely controlled by adjusting the speed of the auger. 
The substrate is then transferred to cooling screw (4). 
A steam-ejection system with condensate control is used 
to precisely regulate the residual moisture of the 

15 substrate. Inoculum from a series of fermentors A, B and 
C is then pumped into the a secondary section of the 
cooling screw that has been modified for highest mixing 
capabilities. As the cooled substrate migrates to this 
section, the substrate and mycelial Inoculum are 

20 thoroughly mixed. The mixture is then aseptlcally 

packaged using any of several well-known bagging systems 
(e.g., "Pouchmaster^") . The system is extremely 
efficient and non-labor intensive due to its high degree 
of automation. The hardware is readily selected from 

25 proven equipment in the biotechnology and food equipment 
industries. 

Inoculation 

Inoculation is accomplished by using a peristaltic pump 
30 to transfer Inoculum from fermentors A, B and C to the 
mixing section of cooling screw (4) . A latex rubber 
transfer line was autoclaved and attached using sterile 
technique to the corresponding steam-sterllizable ports 
on the fermentor and the sterilizer. In our tests, a 
35 Wheaton (Heidolf-type) Omnlspense® pump was used to 

deliver Inoculum at a rate of 240 ml/mln. 1.6 liters of 
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inoculum was used per batch. Two batches could be 
effectively produced in the system per day. 

One liter of fermentation broth, containing approximately 
5 6 g of Agaricus mycelia, is recommended for 500 lbs of 
finished spawn product. Agitators in the fermentors were 
r\in continuously at 8 rpm during the transfer of inoculum 
and for 5 minutes after completion of inoculation. The 
growth rates of the inoculum are accelerated due to the 

10 high level of actual biomass transferred to the 

substrate. The growth is extremely uniform due to the 
homogeneous mixing of the inoculiim and substrate. The 
growth is further enhanced by the transfer of 
sophisticated micro-encapsulated nutrients that are 

15 transferred from the unused media onto the substrate. 

Table 2.- Sterilization protocol for grain was as 
follows: 



20 

Preheat sterilizer or fermentor jacket to 115*C. for 20 
minutes . 

Load all ingredients 
Start agitator (8 rpm) . 
25 Open steam injection valve^ adjust pressure to 18 psi. 
Maintain a constant vent through the vent valve. 
Maintain pressure for 18 minutes. 
Stop introducing steam. 

Open filtered vent valve, and start cooling water. 
30 Reduce the temperature of the grain to <260« C and 
. proceed with inoculation. 

90 lbs of fungicide-free rye grain (Guistos Vita Grain 
Co., South San Francisco, CA) 

was added to the sterilizer with 258 lbs (30 gallons) of 
35 water and 2 lbs of CaCO,. 
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BIMIFLK 2 - XJmm ot Liquid XnoouluM in a saii-Contiiraous 
Znoottlation Systoi Daaign for comaroial spaim Produotion 

Figure 2 shows the flow diagram for a seai-continuous 
5 system of grain preparation that uses a plow-blender type 
sterilizer, such as a Littleford FKH--1200-D, that can 
sterilize and vacuum cool in the same vessel. After 
cooling, the sterile grain/chalk/water mixture is 
discharged into a surge hopper. Several blenders are 

10 used to supply enough sterile substrate to allow the next 
steps, inoculation and filling, to proceed continuously. 
The sterile substrate is blended with the inoculum from 
the fermentors in the ratios described in Example 1 using 
an aseptic scraped-surf ace mixer. The inoculated grain 

15 is then filled aseptically into pouches as described in 
Example 1. 

EXAMPLE 3 - Fermentation Pilot Plant Development for 
Shiitake Strain 

30 

Fermentation was carried out as described above in 
Example 1. Fermentation temperatures were adjusted to 
accommodate different temperatiure optima for each strain. 
Some Shiitake strains can be grown successfully in warmer 
25 environments. One hot-weather strain tested required a 
26 fermentation temperature. Inoculation rates were 
between about 1.6 liters and 3.6 liters of total 
fermentation broth per 1000 lbs of substrate. 

30 (a) Substrate Preparation 

A variety of substrate were used to develop successful 
ShiitaJce substrate for the submerged culture technique. 
A typical formulation was based on the quality of the 
hardwood sawdust available as the principal substrate. 
35 The preferred substrate is a sawdust between about 10 and 
26 mesh (Standard US Sieve) and preferably consisting of 
oak or oak/ alder mix. The moisture content is typically 
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between about 30-45% but nust be tested before each 
batch. 

Based on dry weight the following proportions of 
5 materials are used for substrate: 79% sawdust, 10% 

millet, 10% wheat bran and 1% CaCO,. The moisture of the 
sterile substrate should not exceed about 63% for most 
Shiitake strains. 

10 (b) Paokaging 

Inoculated substrate was packaged continuously into 
sterile bags under a HEPA-f iltered hood for Agariaus 
spawn preparation. Bags were heat-sealed for closure. 
3.4 lbs of inoculated substrate were added per bag. 

15 

(c) Znoubation 

Bags were maintained at an internal temperature of 26«C. 
in a refrigerated incubator. The bags were incubated 
until fully colonized. The mycelia and substrate at this 
20 point form a firm block of biomass. Depending on the 
strain, this initial incubation takes between about 26 
and 34 days. After this period the bags were transferred 
to mushroom growing rooms. 

25 (d) Fruiting 

To induce fruiting, the bag was opened and peeled back so 
that approximately 50% or greater of the biomass was 
exposed. The bag was then watered repeatedly over a 
three day period to saturate the sawdust log with water. 

30 The air temperature was reduced to about 180 "C. At least 
about 6 hours of light was provided by fluorescent 
lighting per day to stimulate fruiting. The logs began 
to produce mushrooms at about between 45-50 days post- 
inoculation and can produce mushrooms for as long as 

35 approximately 120 days. The yield was typically between 
about 0.75 and 1.0 lbs of fresh weight per pound of dry 
weight of substrate. 
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EZMIPLB 4 - DirMt Znooulation of MuslurooB coapost vltb 
Llguid iaooulini. 

Liquid Inoculum can be directly Inoculated into mushroom 
5 compost prepared in the conventional manner (Figure 7) • 
The submerged culture can be transported to the mushroom 
farm using an insulated truck to maintain temperature and 
additionally equipped with a portable compressor to 
maintain aeration. In a commercial inoculation, 100 

10 liters of submerged culture is diluted and mixed into 
between 800 and 1000 gallons of water containing 
approximately 500 grams of microcapsules prepared as 
described above in the DETAILED DESCRIPTION OF THE 
INVENTION. The diluted culture is then pumped to the 

15 spawning machine where it is dispensed through a spray 
bar as the machine is mixing the compost. This process 
is readily adaptable to all types of commercial cultural 
processes. A typical 8000 square foot commercial 
mushroom house requires approximately 2000 lbs of 

20 conventional grain spawn to thoroughly inoculate the 
compost. Tests were run using the equivalent of 100 
liters of submerged culture for 8000 square feet of 
compost. The spawn run temperatures were typical of a 
normal grain spawn Inoculated compost, however, visual 

25 appearance of abundant white mycelia did not appear until 
the 11th day due to the finer points of inoculation as 
compared to mycelial inoculxim grown on grain. At the 
time of casing (14th day of the spawn run) the mycelial 
colonization looked Identical to a grain spawn- inoculated 

30 control. Yields were comparable with no difference in 
quality. This method of delivery could greatly reduce 
the cost of raw materials and the cost of application of 
spawn to the mushroom house. 
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BZMlPXiB 5 - Spawn Frnmratation Pilot Plant 

An important feature of the present invention is the 
establishment of a spawn fermentation pilot plant. By 
5 way of example and not a limitation, the following 30 
liter fermentor was used to demonstrate the feasibility 
of mycelial fermentation (e.g. a Braun Biostat^) • This 
fermentor was ecjuipped with a draft tube and marine 
impellers. The aspect ratio of this vessel is 2.4/1. 
10 The working volxime of the fermentor was 20 liters. The 
growth curves of Agaricus and Shiitake mycelia in this 
fermentor were monitored by fluorescent techniques as 
shown in Figure 5. A preferred fermentation protocol is 
shown in Table 1. 

15 

Table 1. - Fermentation Conditions for Schedule- 
Stirred Tank 30-Liter Braun 



20 Stirring Schedule 

Day 1- Inoculation- 0.1 g biomass/1 
Day 4- Shear (2min§ 109in/sec) 
Day 6- Shear (2min§ 109in/sec) 
Day 8- Shear (3mine 109 in/ sec) 

25 Day 11- Harvest 

Standard Conditions 

Marine Impeller (32.7 in/sec) 

Temperature- 22<>C (71.6«F) 

Air Flow 0.3 V/V approx. 9800 units 

30 ppm CO2 (Strain Dependent) 

pH 7.6 to 6*5 (monitor only) 
DO2 (monitor only) 



35 The rate of the mycelial development of Shiitake spawn in 
the fermentor is determined by a Fluor omeasiire Probe 
(Figure 5) . The probe measures the fluorescence of NADH 
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in the cells of the myceliuin. The increase In 
fluorescence correlates veil with the traditional 
neasurement of the biomass by dry weight. This 
technology negates the necessity of multiple samplings to 
5 determine the vcurious growth stages of the culture in the 
fermentor. Although this technique has been used to 
measure biomass in bacterial fermentations, to the 
inventors' knowledge, this has never before been used for 
fungal biomass determination. 

10 

BZAMPLB 6 - Spawn Growth and Production Tests 

A series of spawn strains were obtained from the culture 
collection at Ostrom's Mushroom Farm, Olympia, WA. 
15 Experiments were conducted with four types of spawn that 
represented 90% of the types of spawn being used in 
commercial culture. These strains were 0-681-Hybrid 
White Strain, 0-235-Of f-White Strain, 0-681-Hybrid White 
Strain and 0-1001 Hybrid Off -White. 

20 

These strains were grown in supplemented and 
unsupplemented composts and were compared against the 
coxnmercial strains cited above. Spawn run temperatures, 
yield of mushrooms /square foot, and grower evaluation 
25 were monitored. In all cases the experimental material 
performed equal to or better than the commercial 
material. At no time were any aberrant symptoms of spawn 
degeneration such as clefting, hard gill, stroma, and 
aerial hyphal development noted. 

30 

The experimental material usually had a temperature 
profile slightly elevated from the commercial form. This 
indicates higher metabolic levels. The mycelia colonized 
the compost more rapidly and penetrated the casing layer 
35 more rapidly than typical commercial methods. This is 
demonstrated by the fact that in the experimental crops, 
extra casing material had to be added ("patched") due to 
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the accelerated colonization of the spawn into the casing 
layer. This procedure allows the induction of fruiting 
in both the experimental and control crops at the same 
time. If the mycelia of all of the boxes in a growing 
5 room are not the same level in the casing when the room 
environment is changed to induce fruiting, the newly 
formed mushrooms will not all mature at the same time and 
cause difficulty evaluating the yield. 

XO A typical commercial spawn run continues for 14 days 

before the casing material is applied. In most cases, a 
significant temperature surge is noted on the 6th or 7th 
day after spawning. A commercial crop, supplemented with 
delayed-release nutrients, spawned at the rate of 1 lb 

15 per 6 square feet of bed area and a compost dry weight of 
approximately seven pounds of dry weight per square foot 
can be expected to have a temperature differential 
between about 15^F and 20®F between air and compost due 
to thermogenic metabolism. This profile shows the 

20 typical commercial temperature curves and indicates a 

strong vegetative growth profile. Yields at the research 
facility are typically between about 6.5 and 8.0 lbs/ft' 
depending on the experimental conditions and supplements 
used. 

25 

The aforementioned examples illustrate the various 
features of the present invention but are not intended to 
limit the scope of the invention as set forth in the 
claims. Numerous modifications and variations are 
30 possible in light of the teachings of the instant 

invention and are intended to be within the scope of the 
appended claims. 
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CIAIMS 

WHAT IS CLAIMED IS: 

5 1. A process for preparing mushroom mycella in 
siibmerged cul'ture for continuous or semi -continuous 
inoculation onto sterile grain comprising the steps: (a) 
preparing a liquid medium; (b) inoculating said liquid 
media with inoculum; (c) fermenting said inoculated 
10 medium under appropriate conditions; and (d) harvesting 
mushroom mycelia. 

2. A process according to Claim 1 wherein the mushroom 
mycelia are selected from the group consisting of 

15 Agarlcus blsporus^ Lentlnus edodes, Morchella sp., 
Pleixrotus sp.^ Flammullna vslutlpes, and Volvariella 
volvacBB • 

3. A process according to Claim 1 wherein the liquid 
medium of step (a) comprises: 

(a) microcapsules containing polyunsaturated oils 
comprising between about 50% and 80% of the 
microcapsule ; 

(b) lecithin in an amount of between about 1% to 5% 
of the oil; 

(c) a soluble dairy or vegetable protein 
concentrate in an amount between about 20% to 
50% of the dzry weight of the microcapsule 
capsule ; 

(d) water in an amount of between about 80% and 
92%; 

(e) a salt of Group II element in an appropriate 
concentration of between about 0.1% and 0.5%; 

(f) a salt of an organic acid between about .05% to 
•1%; said materials in (a) -(f) account for 
about 0.22% of the dry weight of the total 
medium; 
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(9) po^a^o infusion resultant from the use of about 
250 greuns of peeled potatoes per liter of 
water; 

(h) autolyzed yeast extract (20 grams/ liter 
medium) ; and 

(i) a source of glucose • 



4. A process according to Claim 3 wherein the 
polyunsaturated oil of step (a) is a plant seed oil. 

10 

5. A process according to Claim 3 wherein the 
polyunsat\irated oil of step (a) is selected from the 
group consisting of soya bean oil, cottonseed oil and 
saf flower oil. 

15 

6. A process according to Claim 3 wherein the lecithin 
of step (b) is selected from the group consisting of 
choline phosphatides, ethanolamine phosphatides, mixtures 
of choline and ethanolamine phosphatides and choline 

20 ethanolamine phosphatides containing hydroxy lated fatty 
acids. 



7. A process according to Claim 3 wherein the protein 
concentrate of step (c) is selected from the group 
25 consisting of whey protein concentrates, caseinates, and 
soy protein concentrates. 



8. A process according to Claim 3 wherein the salt of a 
Group II element of step (e) is calcium chloride. 

30 

9. A process according to Claim 3 wherein the salt of an 
organic acid of step (f) is sodium acetate. 

10. A process according to Claim 3 wherein the 

35 carbohydrate of step i) is dextrose (approximately 10 
g/1) or 40 DE corn syrup (approximately 35 g/ liter) or 
honey (approximately 15 g/1) • 
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11. A process according to Claim i wherein the 
inoculated liquid medium is introduced into a 
fermentation vessel having a working volume of between 
about 30 liters and 30,000 liters. 

5 

12. A process according to Claim 1 wherein the 
fermentation conditions of step (c) are comprised of: 

(a) growing said culture at a temperature of 
between about 20^C to 30*C and with an air flow of 

10 between about 0.1 to 0.3 volume air/ volume vessel/min; 

(b) agitating the fermentation mixture of step (b) 
constantly at an appropriate tip speed (between about 5.0 
to 10.0 inches/sec) by a mechanical device; 

(c) shearing the fermentation mixture of step (c) 
IS by a mechanical device; 

(d) maintaining the pH of said mixture at between 
about 7.6 to 6.5; smd 

(f ) monitoring the growth of mycelia in the 
fermentation mixture and the dissolved oxygen by suitable 
20 methods. 

13. A process according to Claim 12 wherein the density 
of the inoculation culture is between about 2 grams to 15 
grams of biomass/liter of liquid medium. 

25 

14. A process according to Claim 12 wherein said 
fermentation stirring schedule comprises inoculating a 
culture of mushroom at day 1; shearing the fermentation 
mixtxire for about 2 minutes at about 100 inches/second at 

30 day 4; repeating the same shearing at day 6; and shearing 
the fermentation mixture for about 3 minutes at about 100 
inches/ second at day 8. 

15. A process according to Claim 12 wherein the 

35 fermentation mixture is sheared by stirring said mixture 
at a speed of between about 25.0 to 100.0 inches/sec for 
about 1 to 3 minutes at predetermined intexrvals, said 
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predetermined Intervals being dependent on the mushroon 
strain used but said predetermined interval ranging from 
between about 24 to 48 hours. 



5 16. A process according to Claim 12 wherein the growth 
mycelia is monitored by measuring the fluorescence of 
NADH in the cells of said mycelia. 

17. A process according to Claim 1 wherein the mycelia 
10 are harvested according to step (d) at about eleven (11) 
days after inoculation. 



18. A process according to Claim 1 wherein the mycelia 
are harvested according to step (d) when the fluorescence 
15 is about 45 units. 



19. An airlift fermentor comprising: 

a vessel with an aspect ratio between about 2.5; 1 (h 
X d) and 4:1 (h x d) ; 
20 a draft tube positioned within the vessel, wherein 

the diameter of the draft tube is between about 0.3 
to 0.5 times the dieuneter of the vessel: 
an external pumping loop; 

an outlet port and inlet port on the vessel; 
25 an external pumping loop connecting the outlet and 

inlet ports; 

a shear valve connected to the inlet port which 
shears the liquid pumped through the shear valve; 
and 

30 a gas inlet sparger for sparging gas into the 

vessel • 



20. An airlift fermentor according to Claim 19 wherein 
the vessel has a capacity of between about 50 and 200 
35 liters. 
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21* An airlift fementor according to Claim 19 wherein 
the vessel is autoclavable. 

22. A process for growing mushroom mycelia according to 
5 Claim 1 wherein the mushroom mycelia are grown in an 

airlift fermentor which comprises: 

a vessel with an aspect ratio of between about 2.5:1 
(h X d) and 4:1 (h x d) ; 

a draft tube positioned within the vessel^ wherein 
10 the diameter of the draft tube is between about 0.3 

to 0.5 times the diameter of the vessel; 
an external pumping loop; 

an outlet port and inlet port on the vessel; 
an external pumping loop connecting the outlet and 
15 inlet ports; 

a shear valve connected to the inlet port which 
shears the liquid pumped through the shear valve; 
and 

a gas inlet sparger for sparging gas into the 

vMsel. 

23. A process for growing mushroom mycelia according to 
Claim 22 wherein the vessel has capacity of between about 
50 and 200 liters. 

25 

24. A process for growing mushroom mycelia according to 
Claim 22 wherein the fermentation broth is pumped through 
the external loop at a rate of between about 10 and 50 
liters/min and contacted with a shear valve. 

30 

25. A process according to Claim 22 wherein the 
temperature outside the fermentation vessel is maintained 
at between about 20^ C and 30^ C. 

35 26. A process according to Claim 22 wherein the 

fermentor is inoculated by a culture containing between 
about 2 to 5 grams biomass/ liter. 
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27. A process according to Claim 22 wherein the culture 
Is maintained for a period of 8 to 11 days or until a 
density of blomass of 6 g/1 Is achieved. 

5 28. A process according to Claim 22 wherein the 

fermentation broth Is p\imped on alternating days during 
fermentation for a period of between about 2 to 20 
minutes through an external loop at a rate of between 
about 10 and 50 llters/mln and contacted with a shear 
10 valve. 

29. A process according to Claim 22 wherein the sterile 
fermentation broth is aseptically mixed with sterile 
grain. 

15 

30. A process according to Claim 22 wherein the grain is 
sterilized in a continuous thermal screw«»auger sterilizer 
and vacuum-cooled in a continuous thermal screw-auger 
sterilizer. 

20 

31. A process according to Claim 22 wherein grain is 
sterilized by heating to about 121<' C at a stew pressure 
of at least 15 psi for a period of between about 15 to 30 
mln. 

25 

32. A process according to Claim 22 wherein the grain is 
slowly agitated d\iring heating and vacuum-cooled before 
being inoculated from the fermentor. 

30 33. A process according to Claim 22 wherein the grain is 
sterilized and vacuum-cooled in a plow-blender 
sterilizer. 

34. A process according to Claim 22 wherein the sterile 
35 grain is aseptically admixed with the f exnnentation broth 
in a scraped-surface mixer. 
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35. A process according to Claim 22 herein the admixed 
grain and fermentation broth are aseptically packaged in 
a sterile plastic bag containing a suitable porous 
barrier strip to allow the emission of air without 

5 conteu&ination from airborne microorganisms. 

36. A process according to Claim 22 wherein the 
aseptically packaged, admixed grain and fermentation 
broth are added to the compost for purposes of 

10 inoculation. 

37. A process according to Claim 22 wherein the 
fermentation broth is added directly to compost for 
purposes of inoculation. 

38. Microcapsules for enhancing the growth of mushroom 
mycelia comprising: 

(a) a lipid substrate which comprises between about 
50% and 80% of the dry weight o.f the 
microcapsule ; 

(b) a surfactant which comprises between about 1% 
and 5% by weight of the lipid substrate; 

(c) a dairy or vegetable protein which comprises 
between about 20% and 50% of the dry weight of 
the microcapsule; and 

(d) a Group II metal salt which comprises between 
about 0.1% and 0.5% of the dry weight of the 
microcapsule . 

30 39* Microcapsules according to Claim 38 wherein the 
lipid substrate is a plant seed oil. 

40. Microcapsules according to Claim 38 wherein the 
lipid substrate is selected from the group consisting of 
35 soybean oil, cottonseed oil, and saf flower oil. 



15 



20 



25 
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41. Microcapsules according to Claim 38 wherein the 
surfactant is selected from the group consisting of 
phospholipids and galactolipids. 

5 42. Microcapsules according to Claim 38 wherein the 
surfactant is selected from the group consisting of 
choline phosphatides, ethanolamine phosphatides, mixtures 
of choline and ethanolamine phosphatides, and choline and 
ethanolamine phosphatides containing hydroxylated fatty 
10 acids. 

43. Microcapsules according to Claim 38 wherein the 
dairy or vegetable protein is selected from the group 
consisting of whey protein concentrates, caseinates, and 

15 soy protein concentrates. 

44. Microcapsules according to Claim 38 wherein the 
Group II metal salt is calcium chloride. 

20 45. Microcapsules according to Claim 38 wherein the 
organic acid salt is sodium acetate. 

46. A process for the preparation of flavors by the 
production of mushroom mycelia in submerged culture. 

25 

47. A process according to Claim 46 wherein oct-l-ene-3- 
ol is prepared by the production of Agaricus, shiitake or 
Morel mycelia in submerged culture. 

30 48. A process according to Claim 46 wherein polysulfide 
is prepared by the production of shiitake mycelia in 
submerged culture. 

49. A process according to Claim 46 wherein the 
35 polysulfide is lentinan. 
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50. A process according 1:o Claim 46 wherein oct-l-ene-3- 
one is prepared by ^e production of Asfaricizs, shiitake 
or Morel mycelia In submerged culture. 

5 51. A process according to Claim 46 wherein l^octanone 
is prepared by the production of Agreuricus or Morel 
mycelia in siibmerged culture. 

52. A liquid medium for growing mushroom mycelia 
10 comprising: 

a nutrient broth; 

a lipid substrate to micro-encapsulate the said 
licpiid medium; and 

lecithin or its equivalent. 

15 

53. A liquid medium according to Claim 52 wherein the 
nutrient broth is comprised of: 

potatoes (about 2 5 Og/ liter) ; 
glucose (about 10 g/liter) ; 
20 yeast extract (about 1.5 g/liter); and 

distilled water (about one liter) • 

54. A liqfuid medium for growing mushroom mycelia 
comprising: 

25 a) a microcapsule which comprises a lipid 

substrate which comprises between about 50% and 80% of 
the dry weight of the microcapsule; a surfactant which 
comprises between about 1% and 5% by weight of the lipid 
substrate; a dairy or vegetable protein which comprises 

30 between about 20% and 50% of the dry weight of the 

microcapsule; and a Group II metal salt which comprises 
between about 0.1% and 0.5% of the dry weight of the 
microcapsule; and 

b) a nutrient media for growing mushroom mycelia. 

35 
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55. A liquid nedia according to Claim 54 wherein the 
nutrient media comprises potatoes, autolyzed yeast 
extract and a source of glucose. 

5 56. A liquid media according to Claim 54 wherein the 
lipid substrate is a plant seed oil. 

57. A liquid media according to Claim 54 wherein the 
lipid substrate is selected from the group consisting of 

10 soybean oil, cottonseed oil, or saf flower oil. 

58. A liquid media according to Claim 54 wherein the 
surfactant is selected from the group consisting of 
phospholipids and galactolipids. 

15 

59. A liquid media according to Claim 54 wherein the 
svirfactant is selected from the group consisting of 
choline phosphatides, ethanolamine phosphatides, mixtures 
of choline and ethanolamine phosphatides, and choline and 

20 thanolamine phosphatides containing hydroxy lated fatty 
acids . 

60. A liquid media according to Claim 54 wherein the 
dairy or vegetable protein is selected from the group 

25 consisting of whey protein concentrates, caseinates, and 
soy protein concentrates. 

61. A liquid media according to Claim 54 wherein the 
Group II metal salt is calcium chloride. 

30 

62. A liquid media according to Claim 54 wherein the 
organic acid salt is sodixim acetate. 



35 
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Media Reparation 
Preparation of 1 liter off Media 



0.5 gm oli 

4- 3% Centrolene A 



100 ml HOH 
Igm WPC 
10 mM CaCI 
10 mM NaoAC 



Microcapsule Prep 



Homogenize 



Sterilize 



Potato Infusion 900 ml. 

Yeastamin 20 (5 gm.) 
Dextrose 1 0 gm or 
(40 DE Com Syrup 35 gm.) 
or 

(Honey 1 5 gm.) 



1 



Agitate 



_ Sterilize 



Add to Femnentor 



FIGURE 3 
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FIGURE 4 
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FIGURE 5 

5/7 



W096/1S6S9 



PCT/US9S/14866 



Airlift Fermentor Diagram 




FIGURE 6 
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used to enhance the femnentation process and the equipment used to conduct such process. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to tiie PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


CN 


Guinea 


NE 


Niger 


BE 


Belghon 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HV 


Hungary 


NO 


Norway 


BG 


Bulgaria 
Benin 


IE 


Ireland 


NZ 


New Zealand ' 


BJ 


IT 


baiy 


PL 


Poland 


BR 


Brazil 


JF 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgysian 


RU 


Russian Federation 


CF 


Central Afncm Republic 


KP 


Democratic People'i Republic 


SD 


Sudan 


CG 


Congo 




of Koiea 


SE 


Sweden 


CH 


Swiizerlaod 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Ctu d'lvoift 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameiooo 


LI 


Licchcenstein 


SN 


Senegal 


CN 


Chtna 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Dcmnaik 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Slates of America 


Fl 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


OA 


Gabon 













IntemaQonal Application No 

PCT/US 95/14866 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 AOlGl/04 C12M1/08 A23L1/28 




According to IntemAtional Patent aasaficaiion (IPC) or to both naftonal clasaficadon and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (dassification system followed by dasafication symbols) 

IPC 6 AOIG C12M A23L 



Documemalian searched other than minimum documenlatian to the extent that such documents are included in the fields searched 



Bcctromc dau base consulted dunng die mtcmaUonal search (name of dau base and, where practical, search terms used) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 


Quiion of document, with mdication, where appropnate, of the relevant passages 


Relevant to claim No. 


X 


US, A, 3 286 399 (LANIECE) 22 November 1966 


1,2 




cited in the application 






see the whole document 




A 




52.53 


X 


US, A, 2 85G 841 (SZUECS) 9 September 1958 


1.2.46 




see the whole document 




A 




52 


X 


US, A, 2 928 210 (CIRILLO) 15 March 1960 


1.2.46 




see column 3, line 46 - column 4, line 75 






see column 6, line 51 - line 54 




X 


CA,A,2 070 715 (KIKKOMAN CORP.) 8 December 


1.2 




1992 






see page 5, line 28 - line 34 






see page 9, line 34 - page 11, line 5 




A 




52-54 









CD 



Further documenu are listed in ttie continuation of box C. 



Palcnt family mcmben are listed in annex. 



* Special cateforics of dted docu m ents : 

'A* document defining the general state of the art which is not 
conadered to be of particular relevance 

'E' earlier document but published on or aAer the international 
filing date 

X' document which may throw doubU on pnohty daim(s) or 
which is dted to establish the publication dale of another 
aution or other spedal reason (as spcafied) 

'O' document referring to an oral disdosure, use, cxhibibon or 
other means 

'P' document published prior to the intemabonal filing date but 
later than the pnority date claimed 



T* later document published after the mtemational filing date 
or prionty dau and not in conflict with the application but 
dted to undcfitand the pnndplc or theory tmderlying the 
mvention 

'X' document of particular relevance; the daimed invenuon 
cannot be coitadered novd or canrwt be considered to 
uivolve an inventive step when the document is taken atone 

*Y' docimient of particular relevance; the daimed mveniion 
caimot be conadered to involve an inventive step when the 
document ts combined with one or more other sudt docu- 
ments, such combination bctng obvious to a person ddllcd 
in the art. 

document member of the same palcnt faimly 



'Date of the actual completion of the international search 

7 June 1996 


Date of mailing of the mtemabonal search report 

2 0. 06. 96 


Name and mailing address of the ISA 

European Patent Office, P.B. S818 Patendaan 2 
NL . 2280 HV Ri]swi|k 
Td. (-^ 31-70) 340-2040, Tx. 31 6SI cpo ni. 
Fax: (^31-70) 340-3016 


Authonzed officer 

Herygers, J 



Fotm PCT/ISA/aiO i 



shMt) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intematioaal Application No 

PCT/US 95/14866 



C^Conomuoon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Catefory * QUtton of documcnu wiih inAca&on, wtwre appropnaie, of the relcvmnt paoages 



Relevant to claim No. 



us, A. 4 420 319 (HOLTZ) 13 December 1983 

cited in the application 

see column 5, line 11 - column 7, line 30 

FR,A»2 215 464 (DAINIPPON INK AND 
CHEMICALS) 23 August 1974 
see page 3. line 4 - page 5, line 37; 
figure 1 

DE,A,24 36 793 (GELSENBER6) 19 February 
1976 

see page 6* last paragraph - page 7> last 
paragraph; figure 1 

US, A. 4 810 504 (SCHINDLER) 7 March 1989 
see column 1, line 58 - column 2, line 22 
see column 4, line 10 - line 53 

FR,A,2 603 048 (JOKER) 26 February 1988 
see page 2, line 23 - page 3, line 33 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 086 (C-1165), 14 February 

1994 

& JP,A.05 292917 (KUREHA CHEM IND CO LTD). 
9 November 1993, 
see abstract 



38-45 
19 

19 

46.47 

46 
46 



4 



Fom PCT/ISAOID (aMtinuatioo of Momd mwt) (July I9fa) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Iniernaiional application No. 

PCT/US95/ 14866 



Box I Observation s where certain claims were found unsearchable (Continuation of item I of first sheet) 

This internaUonal search report has not been esiabUshed in rcspcci of certain claims under Article I7(2)(a) for the following i 

1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely. 



2. I I Claims Nos.: 

P"^^ ?^ intcrnauonaJ applicaUon that do not comply with the prescribed requirements to such 
an extent thai no meanmgful mun^naUonal search can be carried out. spccificaJly: i i * .-wii 



3. Claims Nos.: 

because they are dependent claims and arc not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 
This InternaUonal Searching Authority foun- uliiplc invenuons in this international application, as follows: 

1. Claims: 1-18, 22-37, 52-62 Process for preparing mushroom mycella and 

liquid medium 

2. Claims: 19-21 Airlift fermentor 

3. Claims: 38-45 Microcapsules 

4. Claims: 46-51 Process for preparation of flavors 

all required additional search fees were timely paid by the applicant, this inumational search report covers all 
searchable claims. 

^' HH 'V •^ii?*?*'**^ co"W be searches without effort justifying an additional fee. this Authority did not invite payment 

oi any additional fee. 



^- CD some of the required additional search fees were umely paid by the applicant, this internaUonal search report 

covers only those claims for which fees were paid, specifically claims Nos.: 



o required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest |~j The additional search fees were accompanied by the appbcant s protest 

|X I protest accompanied the payment of additional search fees. 



Form PCT/ISA.710 (continuation of fu-st sheet (1)) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International Application No 

PCT/US 95/14866 



Patent document 
cited in search report 



Publication 
dale 



Patent family 
member(5) 



Publicacion 
dale 



US-A-3286399 


22-11-66 


NONE 






US-A-2850841 


09-09-58 


NONE 






US-A-2928210 


15-03-60 


NONE 






CA-A-2Q70715 


08-12-92 


JP-A- 


5192036 


03-08-93 






NL-A- 


9201009 


04-01-93 


US-A-4420319 


13-12-83 


CA-A- 


1176482 


23-10-84 


FR-A-2215464 


23-08-74 


JP-C- 


880568 


31-08-77 






JP-A- 


49100281 


21-09-74 






JP-B- 


52007073 


26-02-77 






DE-A- 


2402082 


01-08-74 






US-A- 


3910826 


07-10-75 


DE-A-2436793 


19-02-76 


NONE 






US-A-4810504 


07-03-89 


DE-A- 


3708932 


29-09-88 




EP-A- 


0285750 


12-10-88 






JP-A- 


1016567 


20-01-89 


FR-A-2603G48 


26-02-88 


NONE 







Fom PCT/ISA/310 (pttmi family mm) (July I9f2) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

• / 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Cf FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



